Summary.-Activities of 12 glycosidases and of P-D-glucuronidase were measured in liver, kidney and in the gastrointestinal tract of rats and mice. The activities of different enzymes varied not only within one tissue but also among different tissues. In rats injected with 1,2 -dimethylhydrazine, a many fold increase in
kidney. However, in liver and kidney, P-D-galactosidase was also significantly increased.
THE GLYCOSIDASES are a group of lysosomal enzymes responsible for specific cleavage of covalent bonds between sugars (hexoses, pentoses and hexosamines) and amino acids (asparagine, hydroxylysine, serine, threonine) or lipid groups, and also between sequential sugars in carbohydrate containing macromolecules (Beck and Tappel, 1968) . Such bonds are found in glycoproteins, glycolipids, glycosaminoglycans and oligo-and polysaccharides. The distribution of these enzymes has been documented for mammalian liver (Weissmann et al., 1967) , cerebellum (Bosmann and Merritt, 1969) , and testes (Caygill, Roston and Jevons, 1966 ). An elevation of certain glycosidases in fibroblasts transformed by oncogenic viruses (Bosmann, 1969 (Bosmann, , 1972 and in the sera of patients with carcinoma of the lung, stomach, prostate and breast (Goldbarg et al., 1959; Woollen and Turner, 1965; Ayoub, 1967) have been reported. The present work has been carried out to study the normal distribution of glycosidases and fi-D-glucuronidase in various rat and mouse tissues, and to investigate the effect of 1,2-dimethylhydrazine dihydrochloride (DMH) on these enzymes since this carcinogen has been found to produce rat colonic tumours and mouse colonic adenomatous polyps which have a characteristic loss of mucopolysaccharides (Rogers, Herndon and Newberne, 1973; Haase et al., 1973) .
MATERIALS AND METHODS
Wistar male rats were purchased from Bantin and Kingman, Hull, England. NMRI pure strain male mice were raised in the Departmental breeding colony. The animals were fed Oxoid 41B (Oxo Ltd, London) and water ad libitum. All animals were between 10 and 12 weeks old at the time of starting the injections.
The treated animals were injected subcutaneously once weekly with 1,2-dimethylhydrazine dihydrochloride (DMH). The rats and mice were given a weekly dose of 20 mg and 20 mg per kg body weight, respectively. The DMH solution was freshly made up in sodium EDTA solution each time as described previously (Haase et al., 1973) . The control animals were injected with sodium EDTA in saline alone. The DMH injections were stopped 1 week before animals were killed for the enzyme studies. In all, 100 rats and 200 mice were used for this study.
Animals were starved overnight before the experiment but had unrestricted access to water.
Preparation of tissue homogenates.-Before killing, the animals were anaesthetized and bled by cardiac puncture; then following cervical dislocation, the liver, kidney, stomach, small intestine and colon were removed. The liver and kidney were cut into pieces and rinsed a few times with ice cold saline to remove the blood. The small intestine was cut into 3 segments, of approximately equal lengths, and washed thoroughly with ice cold saline to remove luminal contents. These segments are designated as duodenum, jejunum and ileum. The substrates used were p-nitrophenyl-oa-
and p-nitrophenyl-p-D-glucuronide. p-Nitrophenol was used as a standard.
The reaction was terminated by the addition of 1 ml of ice cold 0 4 mol/l glycineNaOH buffer at pH 10-5. The mixture was centrifuged at 5000 g for 10 min and the optical density of the released p-nitrophenol present in the supernatant fluid was measured at 400 nm with a Unicam SP 1800 spectrophotometer. The rates of hydrolysis were calculated from these data and a standard p-nitrophenol concentration curve. Units used here are nmol of p-nitrophenol liberated per h per mg of protein. According to the determination of the activity made at 15 min intervals, the rate of reaction was linear for at least 4 h. Two controls were run, with water replacing the enzyme or the substrate. The sum total of optical densities of the 2 controls was subtracted from the experimental optical density values.
Total protein was determined using biuret reaction method (Hubscher, West and Brindley, 1965) . Crystalline bovine serum albumin was used as a standard.
Chemicals.-All chemicals used were A.R. grade. p-Nitrophenol and the substrates were obtained from Sigma Chemical Co. Ltd, London, except p-nitrophenyl-o-D-xylopyranoside and p-nitrophenyl-/3-D-xylopyranoside which were purchased from KochLight Laboratories Ltd. DMH (1 ,2-dimethylhydrazine dihydrochloride) was obtained from Aldrich Chemical Co. Inc., Wisconsin, U.S.A.
Initial experiments were carried out to characterize the substrate and pH optima of 12 glycosidases and of ,-glucuronidase of various tissue homogenates of rats and mice. Activities of all these acid hydrolases in all the tissues tested were maximal at pH 4*0-4-5. In the presence of 20 nmol substrate, the rate of enzyme reaction was linear with a protein concentration as high as 5 0 mg in the incubation mixture.
Normal distribution of enzymes in rats and mice
The data on activity of lysosomal enzymes in control rat gastrointestinal tissues, liver and kidney are given in Fig. 1, 2 
dase and oc-L-fucosidase were found to be more active than any other glycosidase in colonic and small intestinal mucosa. Although the difference in the activities of these enzymes between different regions of the gastrointestinal tract was not significant, the enzyme activities seemed to decrease from the colonic to the duodenal end of the intestine (Fig. 1, 2 r very low in colon but relatively high in the small intestine, seemed to increase from the ileal to the duodenal end of the small intestine ( Fig. 1, 2) . All other glycosidases were of medium or low activity in the intestinal mucosa. 8-Dglucuronidase levels were also low in the intestinal tract. The distribution of glycosidases in the gastric mucosa was slightly different from that in the intestinal tract. On the molar basis, /8-Dgalactosidases and 2 N-acetylhexoaminidases were high, cx-L-fucosidase a medium enzyme and all other glycosidases and /I-D-glucuronidase were low enzymes (Fig.   2D ).
In kidney, the distribution of glycosidase and of /8-D-glucuronidase was fairly similar to that in the small intestine, except that c-D-glucosidase showed low activity (Fig. 3B) . In liver only 2 Nacetylhexosaminidases showed high activity whereas all other glycosidases were of medium or low activity (Fig. 3A) .
,J-D-glucuronidase, a medium enzyme in' liver, was found to be relatively higher in this tissue than in any other studied. In murine tissues, the levels of Nacetyl-fi-D-glucosaminidase and N-acetyl-,/-D-galactosaminidase and /J-D-galactosidase were higher than 0 50 units of enzyme activity whereas most other glycosidases and /1-D-glucuronidase were lower (Table I) . Changes in tissue glycosidases and /8-Dglucuronidase after DMH treatment to rats and mice After about 20 subcutaneous injections in rats, adenocarcinomata were found in the colon. The activity of glycosidases and ,-D-glucuronidase was estimated in these tumours and in various other tissues of the tumour bearing animals. The results are given in Fig. 1 , 2 and 3 and summarized in Table II. The levels of N-acetyl-,8-D-glucosaminidase, N-acetyl-,/-D-galactosaminidase and of ,8-D-galactosidase in the colonic tumours were found to be increased by 3-to 4-fold compared with the control values. a-L-Fucosidase activity, though significantly elevated, showed a relatively small increase (less than 2-fold). After removal of the tumours, the remaining colonic mucosa also showed a significant increase in the activity o. these enzymes compared with normal Qolonic mucosa. However, the increase in enzyme activity in the DMH treated colonic mucosa was less than in the tumours. A significant increase in the activity of N-acetyl-,l-Dglucosaminidase and of N-acetyl-,/-Dgalactosaminidase could be observed in the small intestine, stomach and liver of tumour bearing animals. In the kidney, the profile of enzyme elevation was similar to that in the colon. However, the level of enzyme increase in the colonic mucosa or colonic tumours was significantly greater than in all the other tissues examined. f-D-glucuronidase and all other glycosidases studied in the tumours and other tissues of the tumour bearing animal did not show any significant change in their activities compared with the control levels. The pattern of glycosidase increase in various tissues of mice after 30 weekly injections of DMH was quite different from that in rat tissues. N-acetyl-,/-Dglucosaminidase and N-acetyl-/l-D-galactosaminidase were significantly increased in colon, duodenum, liver and kidney. A significant increase in the activity of ,-D-galactosidase was also observed in liver and kidney of the treated mice (Table III) .
Changes in the activity of glycosidases during the induction of colonic tumours by DMH Unlike the changes induced by chronic DMH treatment, a single dose of this carcinogen did not produce any change in the glycosidases of rat tissues. However, there was a slight rise in some of the colonic glycosidases after 9 injections of DMH and a greater increase in the activities of these enzymes after 17 injections. A significant increase was observed only with the appearance of macroscopic tumours in the colon (Table  IV) . Changes in the glycosidases of the stomach, small intestine, liver and kidney seemed to occur only at the same time as colonic tumours were present.
DISCUSSION
This study has shown the normal distribution of 12 glycosidases and of /]-D-glucuronidase in rat and mouse tissues. The characteristics of these acid hydrolases were similar to those observed in most mammalian tissues (Hsu and Tappel, 1964; Bowers and de Duve, 1967; Aronson and de Duve, 1968) . The activities of these enzymes varied not only among different tissues but also within a tissue. However, the finding of high N-acetyl-hexoaminidase levels in rat gastrointestinal tract is consistent with data on hydrolases distribution for most mammalian tissues (Basmann and Merritt, 1969) . The fact that x-L-fucosidase was relatively high in rat intestinal mucosa is of interest since most mammalian tissues do not possess x-or /,-fucosidase (Bosmann and Merritt, 1969) .
The effect of DMH (> 20 injections) on glycosidases of different tissues, and particularly of colon, is of interest as these enzymes degrade the carbohydrate moieties of glycoproteins, glycolipids, glycosaminoglycans and polysaccharides (Conchie, Findlay and Levvy, 1959 ). An increase in the activity of these enzymes could possibly enhance the catabolism of carbohydrate containing macromolecules. It may also explain the lack of PAS or alcian blue staining in the sections of colonic tumours (Rogers et al., 1973; Haase et al., 1973) .
Since the mechanism of tumour induction by DMH is not known, it is difficult to interpret whether the increased enzyme activity was a cause of the neoplasia, a consequence of the neoplasia, an unrelated phenomenon or due to chronic DMH toxicity. It should be pointed out that since the glycosidases activities were determined using p-nitrophenyl derivatives, the same activities may not pertain in vivo for macromolecule substances such as glycoproteins, glycolipids and polysaccharides (Bhargava and Gottschalk, 1967) . The increase in the activity of 2 Nacetylhexosaminidases and of ,8-Dgalactosidase in the colonic mucosa and of 2 N-acetylhexosaminidases in the rest of the intestinal tract of the tumour bearing animals could suggest that the changes induced by the carcinogen were not limited to the tumours but were generally spread throughout the gastrointestinal tract. Similar evidence of a generalized change in the mucosa adjacent to tumours in man, together with a decrease in the amount of sulphated mucopolysaccharides in these areas, has been suggested by Filipe (1971, 1972) . Springer, Springer and Oehlert (1970) also found an overall reduction of 35S uptake by the mucosa in those parts of the rat colon where tumours are commonly developed.
Bosmann (1969, 1972) , while working on the fibroblasts, also observed an increase in certain glycosidases, followed by transformation of these cells by oncogenic viruses. The elevated glycosidases could modify the neoplastic cell surface without causing cell death but resulting in different patterns of glycopeptides and terminal sugars or amino acid residues of the cell surface. Such changes in cell surface molecules could be of extreme importance if the molecules involved were those concerned with cell recognition sites, permeability sites or surface antigenic sites. Such cell surface changes would undoubtedly be important in cell to cell interactions such as contact inhibition metastasis, interaction with extracellular macromolecules, and might even be important in the phenomenon of cellular drug resistance.
